treatment. 30, 62, 74 Diagnostic workup from a neurosurgical standpoint includes multislice computed tomography angiography and TCD ultrasonography. If there is heavy calcification or the suggestion of near occlusion, cerebral angiography is performed to clarify carotid patency. In contrast, carotid duplex imaging is the diagnostic workhorse of our vascular surgeons, with computed tomography angiography or MR angiography as secondary tools. If there have been any recent neurological symptoms, an MR image is obtained to determine the presence and size of any ischemic lesions. This helps to determine the timing and appropriateness of surgery.
Patients are referred for nonsurgical treatment for many reasons. A completed ipsilateral disabling stroke is an obvious contraindication to surgery, but patients with acute neurological instability also fare poorly with acute surgery. 80 Other relative contraindications include atypical anatomy such as a high bifurcation, hemodynamically relevant tandem lesions, radiation-induced stenosis, and recurrent disease. 47, 60, 67 Poor renal, cardiac, and pulmonary function also strongly predispose patients to poor surgical outcomes. 15, 25, 67 Most studies also show significantly worse outcomes in patients Ͼ 75 years of age. 19, 44 At times, a filling defect is noted on imaging representing luminal thrombus. This should not be treated surgically due to the high perioperative stroke risk. In the above situations, if revascularization is warranted, strong consideration should be given to endovascular therapy with CA stent placement. The SAPPHIRE trial 84 is 1 of several trials that has been used to support the use of CA stent placement in this context. This study demonstrated that CA stent placement caused significantly fewer complications compared with surgery, and this technique is expected to be used more widely in the future. However, given the outcomes of recent large, multicenter European trials, caution should be used in advising that this be a standard treatment for non-high-risk individuals, particularly if their lesions are asymptomatic. 14, 54, 58, 77, 82, 87 Technique for Conventional CE
Anesthesia Considerations
Opinion on the choice of anesthetic agent for CE continues to be widely divergent among CA surgeons. Most vascular surgeons prefer to use regional or local anesthesia; 16, 20 this is the case at our institute. The benefits to this approach are that it permits neurological monitoring and possibly greater hemodynamic stability. Regional blocks can be directed to the superficial cervical plexus or to the deep cervical plexus. The latter technique may occasionally result in major vascular or nerve injury, and is not mandatory. 79 A combination of lidocaine and bupivicaine is used. The majority of neurosurgeons continue to prefer general anesthesia. This preference may be related to the frequent use of intraoperative physiological monitoring, or concern over the rare but possible situation in which there is rapid neurological and/or respiratory compromise requiring intubation. 26 In both approaches, thorough preparation and continuous monitoring are required throughout surgery. This mandates a well-functioning arterial line, adequate venous access, and readily accessible inotropic support as needed for cross-clamping.
Intraoperative Monitoring
Surgeons who prefer local anesthesia rely heavily on intermittent neurological checks to assess perfusion. Continuous, motor, speech, and cognitive assessments are ideal but impractical. Most such surgeons rely on contralateral motor response testing. Language barriers, aphasia, and confusion related to recent or past strokes can limit the efficacy of intraoperative assessments, and in these cases general anesthesia is considered. Stump pressures and qualitative backflow measurements also provide crude intraoperative feedback concerning the adequacy of the collateral vessel. Electroencephalography, SSEPs, and TCD ultrasonography are the modalities used most often. Intraoperative electroencephalography has the longest track record for use during CE, having now been utilized for Ͼ 50 years. This modality is highly sensitive to blood flow changes, and like SSEPs, it detects reduced regional blood flow to levels around 16-18 ml/100 g/min. 40, 51, 85 The interpretation of changes requires a solid working knowledge of the expected changes with varying depths of anesthesia. 21, 57, 71 If a unilateral change is seen with cross-clamping, the appropriate measure is to induce hypertension and administer cerebral protection. Somatosensory evoked potentials are used to measure cortical electrical activity in response to peripheral stimuli. Serially recorded responses are compared with normative laboratory values. The processing times and number of sweeps required for averaging the values mean that clinically relevant findings may be slightly delayed. The specific pattern of change seen will depend on the individual collateral vessels. Asymmetry in amplitude, shape, and secondarily an increase in the latency period is a common marker of ischemia. Somatosensory evoked potentials are more sensitive to subcortical ischemia, and have a high positive predictive value. When TCD is used, the frame is placed prior to surgical positioning, and the signals are checked. The TCD team monitors middle cerebral artery velocity and pulsatility throughout the procedure, and also monitors microembolic signals indicating an active embolism. 83 These are reliably diagnosed with strict audio and visual criteria. In continuously monitored patients undergoing CE, microembolic signals have been reported in up to 90% of cases. 2, 42, 78 This also helps to determine whether a shunt is needed. When general anesthesia is used, we recommend using all 3 of the above modalities.
Patient Positioning and Preparation
The patient is typically placed supine, with some form of central shoulder elevation to minimize the natural concavity of the anterior neck and shoulder region. The head is rotated 10-15°to the contralateral side, and gently extended at the craniocervical joint to move the mandible superiorly and further open up the anterior neck triangles. However, too much rotation should be avoided so that the IJV will remain lateral rather than anterior to the CA. Some degree of the reverse Trendelenburg position is useful for surgeon comfort and optimizing venous return. An Lshaped support or Layla bar is fixed to the operating table to provide the necessary access for airway observation and access. The surgical area is usually cordoned off with plastic drapes and it is essential to include as wide an area as possible, incorporating the mastoid and ear lobe superiorly, the midline medially, and the sternoclavicular joint inferiorly. A topical antiseptic agent is then applied carefully to avoid the possibility of manually provoked emboli. A single dose of an intravenous antibiotic agent is given when anesthesia is induced. The incision is marked at the anterior border of the sternocleidomastoid muscle and curved posteriorly toward the mastoid process to avoid the marginal mandibular branch of the facial nerve (Fig. 1) . It is possible to use a transverse skin crease incision, but the exposure is more likely to be compromised. Loupe magnification is helpful for the arteriotomy and for high exposures.
Conventional Technique Without Patching
After dividing the superficial fat and usually some of the transverse cervical nerves, the platysma muscle is identified and divided longitudinally. Constant attention to hemostasis is critical from the outset. Deep to the platysma lies a fat layer containing tributaries of the IJV and glandular tissue superiorly, which overlies the sternocleidomastoid muscle. The anterior border of this layer is the key landmark for early dissection. Care should be taken to stay below the submandibular gland and adjacent lymph nodes. The largest venous tributary here is usually the facial vein, which is isolated, divided, and then placed under tension to move the IJV laterally. The proximal end of this tributary drains to the IJV, which lies lateral and superficial to the CCA. The site of this division also corresponds to the level of the carotid bifurcation and acts as a useful landmark. The carotid pulse is lightly palpated to direct further sharp dissection, beginning inferiorly. Once the CCA is identified, the bifurcation is located superiorly (Fig. 1) . A single, weight-based bolus of heparin is administered when the CA is exposed. It is imperative to develop and maintain the plain immediately external to the adventitia to avoid excessive and unnecessary dissection. Circumferential exposure is needed only for the segment where vessel loops are to be applied, but great care must be taken posteriorly where the vagus nerve is most likely to be encountered, and at the bifurcation where the plaque is most vulnerable with the ICA as yet unclamped.
The ECA is easily identified by its branches and lies superficial to the ICA. Once identified, the ECA is dissected out and labeled with a colored Vessiloop (Getz Bros) and mild traction directed inferomedially is applied to assist with upper ICA exposure. A light hemoclip is applied to the superior thyroid artery. The medially directed superior thyroid artery origin must also be exposed. The ICA is usually found posterolaterally, and is progressively exposed above the bifurcation. The hypoglossal nerve is another important landmark, and runs superficial to both the ICA and ECA main trunks, and is tucked under the posterior belly of the digastric muscle. The nerve is slung by a sternocleidomastoid arterial branch of the occipital artery; dividing this allows mobilization of the nerve superomedially and improved distal exposure (Fig. 2) . A guide to it is the descendens hypoglossi, which can be followed superiorly.
Neurosurg. Focus / Volume 24 / February 2008
Techniques in carotid artery surgery The critical determinants of the required superior exposure is extent of the plaque and of course the bifurcation level. Atheroma is visible as a whitish-yellow discoloration of the artery and is firm and noncompressible relative to a healthy artery. A reasonable segment of non-diseased artery should be accessible above the upper limit of the plaque to allow sufficient workspace for accessing the distal end point. Distal control of the ICA is then achieved.
Once sufficient proximal and distal exposure is achieved and all 4 vessels are secured, cross-clamping can begin. The surgeon should pause at this point to ensure that the necessary equipment and assistance is immediately available, and that the anesthesiologist can maintain or increase the patient's blood pressure if needed. The arteriotomy line is marked out. When TCD is being used, trial cross-clamping of the distal ICA above the plaque is performed. Middle cerebral artery velocities are observed, and shunt placement is considered if velocities Ͻ 50% of baseline are sustained and do not respond to hypertensive measures. 78 The diseased portion of the ICA and distal CCA are then trapped. A temporary aneurysm clip is a good choice for the ICA, and an angled soft clamp for the CCA. A soft portion of the CCA is sought for clamp placement to allow lumen occlusion without plaque fracture. A separate clamp or another aneurysm clip can be used for the ECA. The final clamp positions should be easily accessible but not cluttering the operative field.
Arteriotomy Procedure
In a standard CE, the arterial incision commences at the CCA and is extended distally. We use a No. 11 blade for entering the lumen. Potts scissors can then be used to extend the opening distally (Fig. 3) . The opening should be smooth and single-walled. Heavily calcified plaque is often encountered, necessitating the use of sharp, medium-sized instruments. The incision is extended above the distal end point into the normal artery. At this point some surgeons check ICA back bleeding as a crude measure of stump pressure and collateral artery support. The correct endarterectomy plain must then be established and developed. This is best commenced over the thickest part of the plaque with a broad-tipped, straight or mild-angle dissector, such as the Frier. After the correct plain is established, the outer border of the plaque easily separates from the residual arterial wall. This plain is then progressively developed both proximally and distally, and around the circumference of the artery, with care taken to avoid perforation of the remaining incomplete arterial back wall. The objective is to leave as much arterial wall in place as possible while removing all of the plaque (Fig. 4) . A medium-sized rightangle retractor can assist with the posterior plaque elevation. A stump is left at the ECA orifice for later removal. At the distal end point the plaque will feather out as it blends with a thickened intima. Occasionally the distal ICA will not be totally free from intimal disease. In this case it is difficult to entirely eliminate a plain of dissection that could lead to a distal flap, and the use of 1 or more tacking sutures, because security against a distal dissection should be considered. Trimming back with microscissors or a small Potts scissors can also be effective. The surgeon's proximal end point on the CCA is more subjective, as the plaque commonly extends to the aortic arch. The best approach is to establish a sharp, smooth cut-off with Potts scissors immediately distal to the proximal arteriotomy point. This allows good visibility and the safe removal of all potentially embolizable fragments.
The stump in the ECA is then similarly removed (Fig. 5 ). Temporary clamps here are sometimes removed to assist with a more complete evacuation from the ECA. Copious amounts of heparinized saline solution should be used at this point to remove small debris and assist in defining any areas of incomplete plaque removal. Circumferential medial fibers are typically seen, and in general should be left unless mobile. The stage is now set for primary closure.
The most crucial aspect of closure is the distal ICA, where vessel caliber is smallest. To prevent iatrogenic stenosis, one has to take the minimum full-thickness suture depth required for competent closure. A double-armed 6.0 Prolene suture is commonly used, with each arm making a bite close to the apex of the arteriotomy and tied externally. The knot is laid down on the vessel with the first few stitches, and then followed. The stitches should be regularly spaced and of full thickness. The compromise is between a tight, nonleaky closure, and minimizing the fibrotic reaction known to correlate with foreign body load. The forceps and needle-holding technique should be well practiced, the needle passing without causing injury and at 90°to the vessel wall. Ringed forceps act as effective pick-ups. The proximal suturing is either continued from above, or a second 5.0 or 6.0 suture can be started at the lower apex and ultimately tied at the midportion (Fig. 5) .
Prior to the final tying, the patency of the repair should be assessed. Back bleeding from the ICA is helpful as this gives further information concerning stump pressure and confirms distal patency. The CCA or ECA may also be used to assess patency. It is of utmost importance to ensure that the intraluminal fluid compartment is full prior to complete restoration of flow, 1 and that there is no foreign material in the lumen. Once the suturing is complete, the clamps are sequentially removed. The ECA is released first, followed by the CCA. This technique permits any residual debris to be flushed into the relatively noncritical extracranial circulation. Finally the ICA is released, restoring full intracranial flow. Careful inspection of the arteriotomy line is required and any pulsatile leakage repaired with additional sutures. Nonpulsatile leakage is gently packed with Gelfoam (Pfizer) or another hemostatic agent until it is controlled. It is our practice not to reverse heparin therapy. Meticulous attention must be paid to wound hemostasis, and a layered wound closure performed over the drain. A functioning drain should be established before dressings are applied.
Use of a Patch
For many surgeons, patching represents the standard practice to ensure against restenosis. It is particularly useful in patients with congenitally small CAs. ly from the saphenous vein, or a synthetic suturable material. A double-armed 24-inch 5-0 Prolene suture is used, commencing distally. The suture is passed from the apex of the graft to the ICA and tied. Small, close stitches are performed here. Each suture is then run sequentially and the graft trimmed to create the desired lumen size. For a more detailed overview on patching and shunt placement techniques the reader is referred to other sources. 38, 60 Eversion CE Our method is based on the work of Kazprzak and Raithel, 46 and in terms of positioning, setup, and exposure, there is little to separate the approaches. Both require thorough exposure of the carotid vascular tree from the CCA to the nondiseased portion of the distal ICA and proximal ECA, with careful identification and preservation of nerves in and adjacent to the carotid sheath and the hypoglossal nerve. Because complete mobility of the ICA is eventually required, thorough dissection away from the surrounding soft tissue is critical prior to endarterectomy. This includes the posterior wall of the ICA, which theoretically places the vagus nerve and its branches at greater risk, and requires some additional manipulation of the bifurcation region. 53 To counter the embolism risk associated with this increased dissection, we apply a curved soft clamp to the distal ICA as early as practicable.
Once the exposure is adequate and intravenous heparin has circulated, the arterial work can begin. Provided that there is no significant redundancy in the proximal ICA, the site of the arteriotomy is at its origin. A pair of curved Mayo scissors are effective for the initial transection. The scissors are placed with the crook of the instrument at the rostral bifurcation and the blades encircling the ICA, directed inferolaterally. A sharp, oblique, and complete cut is desired. With the ICA now mobile, the proximal part of the arteriotomy is "fish-mouthed" to create the distal heel. This shortens the segment to be everted and also helps to address any redundancy. The endarterectomy plain is then established circumferentially to the ICA. With gentle and con- stant downward traction applied to the plaque by an assistant, the normal outer arterial layer is peeled back rostrally or "everted" to deliver the plaque (Fig. 6) . The everted position of the residual outer arterial wall should be maintained until the end point is adequately and thoroughly visualized. Using this technique, the plaque appears tapered or bullet-shaped, and is seen to feather out at its upper margin. The everted edges are inspected for residual plaque and irrigated with heparinized saline, as is the lumen. Assessment of ICA back bleeding is again useful for establishing distal patency.
Attention is then directed to the CCA and ECA complex. The arterial opening is extended obliquely onto the CCA to later accommodate the toe (distal part) of the transected ICA. This also assists with pseudoeversion of the CCA and proximal plaque extraction. Early in the plaque elevation, a right angle is used to complete the circumferential separation, and the plaque is then divided sharply below the ECA orifice into 2 portions. The technique for endarterectomy is then repeated with 1 surgeon applying traction to the plaque while countertraction and eversion of the parent artery is performed by the other surgeon. The lower end of the plaque is arbitrarily truncated with scissors according to the standard technique. The maneuver is then repeated to remove plaque from the ECA. The lumen of the entire complex is again thoroughly inspected and irrigated for residual disease, and the edges aligned for fit. The lateral edges of the fish-mouthed area of the ICA may need to be trimmed slightly for a better fit.
The closure is then an end-to-side fish-mouthed anastomosis. We begin with the stitch at the proximal end of the artery (the "heel") using a double-armed 6.0 Prolene suture, 1 arm through the transected ICA and the other through the nonmobile proximal bifurcation. This is then anchor tied. Due to the end-to-side configuration, it is very difficult to narrow the artery at the suture line, which is a key advantage of the eversion method. A continuous back-wall suture is then run, ending in the toe region of the ICA, but exiting at the adjacent CCA. The front wall is completed in a like manner from the distal to the proximal end, meeting the other suture at the toe. Prior to the final tying, the same method of temporary back bleeding, tying, and then sequential clamp release is used. The anatomical new bifurcation and proximal ICA is immediately evident. Careful inspection of the front and back wall is performed to ensure that no additional sutures are needed, then a similar layered closure over a functioning drain is made without reversal of anticoagulation therapy. We commence a slow dextran infusion once the anastomosis is completed and continue this for 12 hours.
Approach to Atypical Lesions
Given the enormous progress made with endovascular carotid revascularization, the role for more extensive skull base exposures is becoming very small. Traditionally, high bifurcations were an indication for using this technique. By using a nasal intubation, and extending the incision rostrally, the upper extracranial ICA can be accessed. Great care must be taken, and visualization optimized due to the convergence of numerous lower cranial nerves here. The parotid capsule is defined, the seventh cranial nerve identified, and then the posterior belly of the digastric and stylohyoid muscle, and the stylomandibular ligaments can be successively divided. To assist further with this superior access, mandibular dislocation can also be used. Some authors have advocated the use of an operating microscope to improve the safety of the dissection. 38, 60 Postoperative Care
Postoperative problems are common after CE and can range from relatively mild blood pressure changes to rapidly progressive airway compromise. Because of this, it is critically important that the patient receives adequate monitoring and vigilance. 55 The ability and means to intervene should be readily available should a problem arise. The neurosurgical team at our institution closely monitors patients in the intensive care unit, with clinical and TCD surveillance. We also set strict individual blood pressure targets to avoid extremes. Heparinization is commenced if there are persisting, significant emboli. Aspirin therapy is begun the day after surgery. Our vascular team prefers to use an extended stay in the recovery ward for wound and airway observation. Once patients are stable, they are transferred to a dedicated surgical floor for overnight assessment. A dextran drip was used routinely in the eversion group and antiplatelet agents continued perioperatively.
Postoperative Complications
There are many physiological factors that combine to predispose patients to complications after CE. 61 These include the use of anticoagulation medications, higher bulk flows, and a history of chronic ischemia and hypertension. It is not surprising then that even under the best conditions at institutions with highly experienced surgeons and nursing staff there is a reported 3-6% major complication rate. 70 Dissection-related complications such as nerve injury, wound infection, and parotid fistulas are relatively uncommon. The hypoglossal, vagus, superior laryngeal, marginal mandibular, and even the sympathetic plexus can be injured, causing significant cosmetic or, more commonly, swallowing and masticatory difficulties. The injuries can be devastating if partial contralateral injuries were unrecognized preoperatively. A wound hematoma is likely to occur in ~ 5-8% of cases. It is critical to differentiate between an arteriotomy-related collection and a soft-tissue ooze. The former arises early with progressive wound swelling and may lead to airway compromise. Postoperative hypertension is a risk factor. 63 This must be recognized immediately, and usually requires surgical exploration of the wound and the placement of additional sutures in the arteriotomy. Nonprogressive small hematomas can be managed with observation, but should be observed in an intensive care unit. The bleeding source here may be from the soft tissues secondary to inadequate hemostasis.
Ischemic complications may be either hypoperfusion-related or thromboembolic. The latter is probably a far more common cause of CE. 4, 11, 52, 86 Even with meticulous technique, the entire endarterectomized and anastomotic surface has been made highly thrombogenic with exposed collagens. Of course technical errors resulting in significant angulation, irregular suture lines, or a distal flap may also lead to thrombosis and vascular occlusion. Transcranial Doppler ultrasonography may help reduce the burden of perioperative cerebral ischemia. With serial emboli moni-
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Techniques in carotid artery surgery toring for periods of as little as 20-30 minutes, an accurate measure of the presence, rate, and trend of emboli can be obtained, which correlate with stroke risk. 2, 52, 78 The hyperperfusion syndrome is a relatively uncommon complication, and may present with diverse manifestations including focal neurological deficits, seizures, or generalized hemispheric dysfunction. 23, 76, 86 There is also great variability in terms of the timing of symptom onset. 10 Poor collateral circulation and postoperative hypertension are risk factors. On MR imaging studies, areas of restricted diffusion are not typically seen, but perfusion studies may show asymmetry. Frank intracerebral hemorrhage may also result. 13 The management imperative is strict blood pressure titration.
Discussion
Effective plaque removal from a diseased CA can be achieved with both operative techniques. Conventional CE with or without the use of a patch has a long and proven track record in the management of carotid stenosis, and remains the gold standard technique. 36, 64 Despite this, the eversion method is becoming more popular. Its key advantage is ease of arteriotomy and repair, and the widemouthed anastomosis produced without the need for a patch. The strength of this technique lies in the area of weakness of the other: lumen compromise on primary closure, and the vulnerabilities related to patching. There are also theoretical secondary advantages with the technique.
Hemodynamic Consequences and Restenosis
The nondiseased carotid bifurcation has a distinctive design and hemodynamic signature, characterized by a variable proximal diameter of the bulb region, and predictable streams of separated flow into the ICA. 66 Carotid revascularization should therefore be used in an attempt to restore anatomical conditions and flow patterns similar to the native normal vessel, which is the drive behind the widespread use of the patch technique in conventional CE. This has also been shown to reduce restenosis rates compared with primary closure. 3, 8, 12 There is some evidence to suggest that eversion CE may produce even better hemodynamic changes than can be produced with patch angioplasty. With ultrasonography it has been shown that ICA dimensions, dynamic wall strain, and elastic modulus or the "stiffness" of the wall in patients who have undergone eversion CE closely mimics that seen in normal controls. 8 In comparison, patches typically produce excessive lumens and decreased strain relative to the normal vessel. 84 Regardless of the type of patch used, they produce a composite reconstruction with discordant elastic and other material properties compared to the rest of the wall. This situation is less likely to be advantageous from a hemodynamic standpoint. Venous patches also suffer some additional problems, including delayed rupture, and may need to be routinely reinforced. 60, 65, 73 Recurrent stenosis usually consists of neointimal hyperplasia and typically appears at the 10-12-month period postoperatively. It remains poorly understood and may be partly inflammatory and partly hemodynamic. The significance of restenosis lies in the fact that retreatment carries with it a greater complication rate. Primary closure is by far the most prone to this complication, occurring in 5-15%, depending on the specific definition used, the technique employed, and the length of follow-up. 33, 34, [48] [49] [50] 72 Although vessels with patching are less prone to stenosis than primary closure, eversion may be even more effective (Table 1 ). In the series reported by Shah et al., 75 the rates of restenosis were close to 4 times less frequent (0.3% in the eversion CE group, and 1.1% in the conventional CE group). In a randomized trial, Ballotta et al. 6 showed no late restenosis in a group of patients who had undergone eversion, compared with 4.7% in their patched group. The pooled results from randomized trials comparing eversion with conventional treatments showed a statistically significant reduction in the incidence of delayed restenosis with eversion CE. 17 In the largest series, Darling et al. 24 reported a restenosis rate of 1.5%. The authors of other studies have reported similar reductions in the need for revision surgeries secondary to restenosis. [48] [49] [50] 81 
Clamp Times and Cerebral Ischemia
Probably the most significant advantage afforded by the eversion method is the shorter anastomosis times required. Radak and associates 69 reported clamp times averaging 12.4 minutes in the latter part of their series of more than 5000 patients, and 14.5 minutes in the first group. The same authors reported significantly shorter clamp times with eversion than with conventional CE (13.5 and 19.9 minutes, respectively) in their earlier prospective study. 68 Many other authors report the same findings, and the testimonies are reasonably consistent in stating that the commonly observed shorter ischemic times with eversion CE are due to the technically easier and structurally shorter anastomosis. 9, 41, 45, 56, 75, 81 The major reason for this is that the arteriotomy and repair are centered such that the operative field is less crowded, and concern about iatrogenic stenosis is essentially eliminated. This makes the suturing easier and more comfortable for the surgeon. With the confidence of a shorter clamp time, the need for a shunt may be dramatically reduced, as evidenced by the extremely low usage reported by Radak et al. 69 and Darling and colleagues. 24 Many surgeons have reported clamp times close to 10 minutes. 50, 69 This may be especially advantageous given the complexities and potential complications associated with shunt placement, including air embolism, arterial dissection, and thromboembolism are possible.
Although reduced anastomosis times can be achieved with eversion CE, it is has not been definitively established that neurological outcomes are better. Some studies however raise this possibility. Shah and colleagues 75 found that eversion CE was an independent predictor of better outcomes, and reported a 1.7% incidence of perioperative neurological events in eversion CE compared to a 5.5% incidence with conventional CE. 48 The authors of other studies have reported improved neurological outcomes with eversion CE, but these findings were not statistically significant. 17, 24, 59, 68, 75 Shorter clamp times can also be useful for anesthesia, because it gives greater predictability in the length of the procedure, and a reduced likelihood of protracted ischemia. This makes the local anesthesia option more attractive, but does not completely eliminate the need for a shunt.
Advantages and Limitations of CE
Eversion CE is also helpful when significant carotid redundancy is encountered. 22 This can be treated by either extending the proximal heel of the transected ICA or by resecting an arterial segment. In these circumstances, great attention must be made to the direction and angle of transection so as not to place the ICA in forced rotation. A garret line or pen marking may help in planning these maneuvers.
A number of concerns have been expressed regarding the eversion CE technique. The most serious two are that management of the distal end point is limited, and that the technique prevents or at least greatly complicates the ability to use an intraoperative shunt.
Access and visibility of the plaque end point is obviously critical. If poorly visualized, it is possible to leave residual plaque, which may act as a flap, intraluminal thrombus, or carotid occlusion, all of which may lead to stroke. Provided that the basic surgical principles are strictly followed, including an understanding of the level of the bifurcation and extent of the disease and making sure that the exposure is adequate, there is no reason why excellent end point visibility should not be obtained. Another factor important in realizing this goal is the presence of an experienced assistant. Because the plaque is removed through a tractioneversion method, it is difficult to achieve this and to maintain complete eversion for end point inspection when operating solo. The tapered shape of the delivered plaque in addition to the intimal lining both provide evidence of complete plaque removal. Accessibility of the end point may be challenging if the Etheredge 35 technique is used with transection of the distal CCA, and requires simultaneous eversion of the ICA and ECA (Fig. 7) .
Shunt placement is designed to maintain sufficient ipsilateral perfusion to prevent ischemia. There are many different types and techniques, but the usual method involves cannulating the ICA and the CCA and performing the operation around the device. A longitudinal arteriotomy lends itself to this maneuver as the vessel is still in continuity and essentially fixed. With a mobile ICA, however, shunt placement can be awkward and problematic, although not all eversion CE advocates agree with this. 22, 59 To get around this, a surgeon can perform the distal endarterectomy first and then place the shunt, or one can proceed quickly without a shunt, utilizing hypertensive treatment to maximize collateral perfuson. 35 It has also been claimed that cranial nerve injury may be more prevalent with eversion CE. This however has not been substantiated in the largest trials comparing eversion and conventional CE. 17, 75 Although the extent of dissection of the ICA back wall is greater in eversion CE, the visibility is also greater because the final dissection is performed with a truncated and mobile ICA.
Conclusions
Open surgery for CA stenosis remains a highly effective treatment, with benchmark results provided by the conventional approach. Excellent medium-term results have also been achieved with the eversion technique, which is particularly efficient in avoiding iatrogenic stenosis and in deal-
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Techniques in carotid artery surgery ing with redundancy of the carotid, although routine use of a shunt may be more difficult. Based on the current data, eversion CE appears to have a definite future in the surgical management of carotid stenosis.
